Objectives To compare the efficacy, safety and satisfaction from two modes of oral analgesia administration for the treatment of post-caesarean pain in the first 48 h following surgery: ondemand versus fixed time interval administration.
Introduction
Caesarean sections (CSs) are one of the most prevalent surgeries worldwide. [1] [2] [3] Inadequate maternal pain treatment was suggested to impair maternal bonding, and decrease breastfeeding and infant care. 4 Also, it impairs maternal mobilisation leading to increased risk for thromboembolism and other postoperative complications. 5, 6 Several national agencies have laid out goals for postoperative pain scores stressing the importance of postoperative analgesia to be optimised. Those recommendations include pain score <3 at visual analogue scale (VAS) by the Joint Commission 7 and 90% patients having a pain score <3 and being satisfied with their pain management by the Royal College of Anaesthetists. 8 Several methods for post-CS pain management are available, including intravenous opioids Trial registration ClinicalTrials.gov Identifier: NCT01764048 and continuous epidural analgesia. These methods increase patient immobility due to cumbersome equipment and may impair maternal function as a result of adverse affects of leg numbness, nausea, vomiting, constipation, pruritus, urinary retention, respiratory depression and sedation. 9, 10 Administration of spinal morphine during CS is effective, but it is associated with adverse effects such as pruritus, nausea or vomiting, and it is not applicable in cases of general anaesthesia. Oral analgesia may have the advantages of ease of administration, need for less cumbersome equipment, low cost and ability for use after general anaesthesia. Although a few studies demonstrated oral analgesia to be effective for post-CS pain, 11, 12 several issues still exist. First, it has become more acceptable to use a strategy for pain prevention rather than pain treatment in protocols for pain management. This can be achieved by giving pain medications in predetermined fixed time intervals rather than only following patient demand. The data regarding the preferred method for the treatment of post-CS pain either in fixed time intervals or following patient demand are inconclusive and are based on studies with small sample size and contradictory results. 13, 14 Second, adequate pain relief, defined as VAS for pain below 3, was not achieved in previous studies. 13, 14 This may be due to the use of a single analgesic rather than a combination of agents that tend to have an advantage of better efficacy and fewer adverse effects via synergism. Finally, the compatibility of pain medications with breastfeeding was not sufficiently addressed.
We hypothesised that treatment of post-CS pain with oral analgesia comprised of a combination of agents given at fixed time intervals will be superior to administration only following patient demand. In the present study, we aimed to compare the efficacy, safety and satisfaction from a combination of oral pain relievers given in two modes for the treatment of post-CS pain in the first 48 h following surgery: on patient demand versus fixed time interval.
Methods

Design
An open-label parallel-group, randomised-controlled trial was conducted at Emek Medical Center, a universityaffiliated hospital in Israel. This study was authorised by the local review board at Emek Medical center (ID of the approval EMC-120-12) and was registered on www.clinical trials.gov (NCT01764048, principal investigator EY, registration: 1 February 2013).
Participants provided written informed consent. We recruited women before CS delivery with regional anaesthesia from February to December 2013. Eligibility and all baseline measures were taken before randomisation. We excluded women who suffered from chronic pain, women using chronic pain medications, known allergy to any drug used in the study, women who were scheduled or eventually underwent general anaesthesia during the surgery, who delivered vaginally, or women with abnormal liver functions.
Randomisation of the groups was performed in a 1:1 ratio in blocks of 10 using a computer randomisation sequence generation program, and the randomisation results were kept in the labour and delivery ward in a closed study box in sealed opaque envelopes. The randomisation sequence was concealed until intervention was assigned. Patients were enrolled and interventions were assigned by physicians that were listed as investigators in this study.
Following randomisation, the patients were allocated into two groups receiving pain relievers either in predetermined fixed time intervals or only following patient demand. Those protocols were followed from the time the patient arrived at the maternity ward, which was 2 h after surgery, for 48 h.
Interventions
All the study participants received spinal anaesthesia with fentanyl 25 lg and Bupivacaine 10 mg (isobaric) for the surgery. In the recovery ward, the patients received one tablet of Percocet (oxycodone 5 mg and paracetamol 325 mg). No cases of patients' inability to receive enteral analgesia were reported.
Treatment protocols were as follows. 1 Fixed time interval group -once the patient arrived at the maternity ward she received intravenous tramadol hydrochloride 100 mg (the only time an intravenous medication was used), a tablet of paracetamol 500 mg and a tablet of diclofenac 100 mg. Six hours after patient arrival and every 6 h the patient received two tablets of Zaldiar (each tablet contained paracetamol 325 mg and tramadol 35.5 mg). The patient also received a tablet of diclofenac 100 mg 12, 24 and 48 h from arrival. 2 'On-demand' group -patients allocated to this group received the same medications in the same combinations and order as described in the 'fixed time interval' group protocol, only patients in this group received pain treatment only following demand, and the time intervals described above were considered as the minimal time for giving the next combination of drugs. In both groups, if the patients required additional pain relievers, they were given a tablet of Percocet (oxycodone 5 mg and paracetamol 325 mg) as necessary up to four times per day. In the 'on-demand' group, this treatment was given if the patient requested additional pain relievers prior to 6 h past the last treatment.
Study outcomes
The primary outcome was the mean pain intensity during 48 h following surgery. Pain intensity (taken at rest) was measured using the self-reporting VAS, in which 0 represents no pain and 10 represents the worst pain. Pain scores were measured by nurses that prior to the study had a comprehensive guidance regarding the study protocol, including times and method for pain score measurements. Pain scores were taken at rest for standardisation.
Pain measurements were taken at least every 4 h, before each time pain reliever was administered and an hour afterwards. We also calculated the sum of time-weighted VAS pain scores as an area under the curve (AUC) during the 48 h post-CS for each participant. Those curves were used to calculate the mean AUC for each group. In addition to the mean pain score during the 48 h post-CS, we also calculated the mean pain scores in blocks of 6 h by addressing the available measurements in each period. [i.e. from patient arrival (time 0) to the first 6 h following patient arrival (0-6), 6-12, 12-18, 18-24 h, etc.). Patients without VAS measurements were excluded from the analysis. At the end of the study period (i.e. 48 h), each participant was asked to rank her degree of satisfaction from the pain management protocol using a scale of 0 (least satisfied) to 10 (most satisfied). Additional outcomes were the number of times that pain medications were given, the number of times that rescue doses were given, the rate and type of maternal adverse effects such as gastrointestinal discomfort, nausea and vomiting, and altered consciousness. During this study, neonatal outcomes were also assessed. Those included adverse effects with possible relation to the pain medications or dehydration due to inadequate breastfeeding. The neonatal outcomes were documented by a physician from the department of neonatology who was an investigator in this study, without knowledge regarding which group the mother was allocated to. Neonatal outcomes included altered consciousness, irritability, drowsiness, maximal neonatal bilirubin (mg/dl) and need for phototherapy. Finally, the number of breastfeeds and supplemental formula used during the 5 days post-surgery were evaluated. This was done by a nursing staff of the neonatology department that was not aware of which group the mother was allocated to.
Statistical analysis
Sample size Internal data suggested that the mean VAS pain score of patients receiving analgesia following demand was 4 [standard deviation (SD) 2]. A sample size of 85 + 10% dropout for each group is required, assuming a mean VAS pain of 4 (SD 2) versus 3 (SD 2) for the 'on-demand' group and the 'fixed time interval' group, respectively, with twosided alpha of 0.05 and a power of 90%. This difference was shown to be clinically significant. 15 This sample size is also appropriate for mean satisfaction score of 7 AE 2 versus 8 AE 2 for the 'on-demand' group and the 'fixed time interval' group, respectively (two-sided alpha of 0.05 and a power of 90%).
Study outcomes were compared using the Student's t-test (or the Wilcoxon two-sample test) for continuous variables and v 2 [or Fisher's exact test (two-tailed)] for categorical variables. For each comparison of VAS for pain intensity, the 95% confidence interval is also presented. Mean AUCs of each group were compared using the Student's t-test. A mean pain score was calculated for each participant at the following time intervals: 0-6, 6-12, 12-18, 18-24, 24-30, 30-36 and 36-42 h post-CS. In order to demonstrate and compare the mean VAS for pain along the hours post-CS between the study protocols, the locally scatterplot smoothing (LOESS) non-parametric regression model was utilised; 95% confidence intervals of the LOESS curves were also presented. 16 The statistical analyses were performed using SAS 9.2 software (SAS Institute, Cary, NC, USA). Statistical significance was determined if P < 0.05. Figure 1 shows the patient flow chart. Of the 254 patients who were screened, 252 were eligible to be included in the study. Of them, 214 underwent randomisation: 108 to the 'fixed time interval' group and 106 to the 'ondemand' group. Only 38 patients refused to participate in this study, and thus the recruitment rate reached 85%. After randomisation, seven patients in the 'fixed time interval' group and five patients in the 'on-demand' group were excluded from the study as they met the exclusion criteria ( Figure 1 ).
Results
The rest of the patients: 100 in the 'fixed time interval' group and 100 in the 'on-demand' group received the treatment protocol and were included in the analysis. There were 107 and 106 newborns in the 'fixed time interval' group and 'on-demand' group, respectively (including seven and six pairs of twins in the 'fixed time interval' group and 'on-demand' group, respectively). One patient in each group was not interested in breastfeeding and therefore their babies were excluded from the analysis.
The baseline characteristics of the mothers as well as the newborns are presented in Table 1 . The baseline VAS score for pain intensity at patient arrival at the maternity ward in the 'on-demand' and 'fixed time interval' groups was comparable [4.3 (SD 2.7) versus 3.8 (SD 2.4), respectively;
The mean VAS pain intensity during the whole study period was lower in the 'fixed time interval' group compared with the 'on-demand' group [ Figure 2 The mean VAS for pain intensity during the whole study period in blocks of 6 h of the two study groups are presented in Figure 2 and Table S1 . In all of the blocks, the mean VAS for pain intensity was lower in the 'fixed time interval' group compared with the 'ondemand' group (P < 0.0001). Mean VAS 1 h after medication administration was also lower in the 'fixed time interval' group compared with the 'on-demand' group [1.5 (SD 0.5) versus 2.2 (SD 0.6), respectively; P < 0.0001].
The satisfaction score was higher in the 'fixed time interval' group ( Table 2 ). The number of times that drugs were given was slightly higher in the 'fixed time interval' group. The rate of adverse effects was low and comparable between the groups (Table 2) .
One woman in each group developed a skin reaction suspected to be allergic following administration of either paracetamol (in the 'fixed time interval' group) or Zaldiar (in the 'on-demand' group).
One patient in the 'on-demand' group with known cardiac disease had bradycardia. Because the differential diagnosis included tramadol administration, it was discontinued. However, because the heart rate did not change following discontinuation, tramadol administration was ruled out as the cause of this condition. The other reported adverse effects in this study were nausea and vomiting [7 (7%) and 10 (10%) in the 'on-demand' group versus the 'fixed time interval' group, respectively; P = 0.45]. In the 'fixed time interval' group, the women breastfed more and the babies needed less supplemental formulas ( 
Discussion
Main findings
In the present study, we compared the efficacy, safety and satisfaction of two strategies of oral analgesic administration for the treatment of post-CS pain in the first 48 h following surgery: on patient demand versus fixed time interval.
Our results demonstrate that oral analgesia administered at a fixed time interval protocol is superior to administration only after patient demand according to pain intensity, patients' satisfaction scores and the quality of breastfeeding. The maternal adverse effects profile was low and comparable in both methods of administration. Finally, no adverse effects related to the study medications were reported for the neonates.
Strengths and limitations
The strengths of this study are the high recruitment rate, which decreased the selection bias; the use of multiple aspects for evaluating the preferred protocol, including pain relief efficacy, patient satisfaction, safety issues and breastfeeding; and the prospective randomised controlled design. The limitations of this study are that it was a single site study, the focus on short-term outcomes and indirect assessment of patient mobility. Because mobility is an important factor in preventing post-CS complications, this objective should be the focus of future studies. In addition, patients and providers were not blinded, which might subject the results to bias. An additional limitation is the VAS, visual analog scale. *Ninety nine and ninety one women gave satisfaction scores in the "on demand" and "fixed time interval" groups, respectively. † Details regarding the adverse effects are elaborated in the "result" section. anaesthetic and post-analgesic regimens used in this study that may not be in line with those used in other institutions. For example, in this study patients did not receive intrathecal long-acting narcotics (e.g. morphine, diamorphine), which were shown to substantially improve pain scores and reduce the need for additional analgesia post-CS compared with no long-acting narcotic. [17] [18] [19] Moreover, some centres may advocate protocols that are not based on opiates, as data suggest that a combination of tramadol and non-steroidal anti inflammatory drugs (NSAIDs) has a similar analgesic profile to acetaminophen/NSAID combination post-CS, but those receiving tramadol have a sevenfold higher incidence of nausea. 20 Nevertheless, the principle of using analgesia in fixed time intervals rather than only following patient demand is probably relevant to institutions that use different medications to alleviate post-CS pain, as in this way pain sensation can be better prevented.
Interpretation
Oral analgesia to treat post-CS pain was suggested previously. In a non-randomised trial that examined post-CS pain, treatment with oral analgesia comprised of immediate-release morphine sulphate with dipyrone as a rescue analgesia and vice versa, both protocols received high satisfaction scores. 21 VAS scores of patients receiving oral oxycodone were comparable to intravenous Piritramide, with a trend toward additional rescue medications in the intravenous group. 12 In the study by Davis et al., oral oxycodone-acetaminophen administration was superior to a morphine patient-controlled analgesia device for pain relief. The oral analgesia group also had less nausea and drowsiness at 6 h and slightly more nausea at 24 h, suggesting a tolerable adverse effect profile. 22 A combination of oral oxycodone, paracetamol and tramadol was superior to epidural analgesia (0.1% ropivacaine + 0.1 lg/ml sufentanil) with less pruritus and better satisfaction scores. 11 In our study, the fixed time interval protocol was superior to the on-demand protocol for both pain and satisfaction scores. An important aspect is the result that pain intensity was also lower 1 h following administration of analgesia medications, suggesting that medications were more effective when given in a scheduled protocol. Additional advantages of a scheduled protocol are that the nursing staff can be better organised to execute predetermined orders and that the patient is less preoccupied with the need to set the time for the next medication administration. In this context, 'on-demand' protocols may be less effective due to a lack of knowledge of the patient regarding the medications in use and the proper way to use them in combination to manage post-CS pain efficiently.
Our results are supported by the non-randomised prospective study by Jakobi et al., in which fixed time interval analgesia administration yielded better pain relief and satisfaction scores than when drugs were administered only after patient demand. 21 An advantage for a scheduled Figure 2 . The reported post-CS pain in the 'on-demand' group compared with the 'fixed time interval' group. LOESS curve representing the mean pain intensity using the VAS. The mean VAS was calculated for every 6-h interval since patient admission until the end of the study period. Baseline VAS at patient arrival to the maternity ward was comparable between the groups (P = 0.3). After CS, mean VAS scores were significantly lower in the 'fixed time interval' group compared with the 'on-demand' group (P < 0.0001; table S1).
analgesia protocol was also demonstrated in the study of Valentine et al., in which scheduled acetaminophen resulted in decreased opioid use and more consistent acetaminophen intake compared with acetaminophen administered as needed via combination acetaminophen-opioid analgesics, without compromising analgesia. 23 On the contrary, in the study by Sammour et al., fixed time interval administration of oral analgesia (naproxen or tramadol) yielded comparable results to on-demand oral analgesia in term of VAS pain scores.
14 It should be noted, however, that this study comprised four groups receiving either naproxen or tramadol in fixed time intervals or following patient demand. The sample size in each group was small (N = 30) and the treatment was heterogeneous; thus, the interpretation of the results is limited.
In our study we used a combination of pain relievers. This strategy enabled us to give more analgesic agents in lower doses and, therefore, possibly increasing efficacy and decreasing adverse effects via synergistic effects. This way the mean VAS pain score in the 'fixed time interval' group was below 3, the recommended VAS intensity, making the difference with the 'on-demand' group clinically significant. Lower VAS scores were also recorded in previous studies that used a combination of agents, 11, 22 compared with other studies that used primarily single medication protocols. 13, 14 We also evaluated breastfeeding by counting the number of breastfeeding events and the use of supplemental formulas. In our area it is customary for mothers to breastfeed at least in the first weeks following delivery. Except for one patient in each group, all the other mothers chose to use breastfeeding as the primary feeding route. In the 'fixed time interval' group, the mothers breastfed more compared with the 'on-demand' group. Such a result may suggest that the mothers suffered less pain, making breastfeeding more comfortable. On the other hand, there may have been more breastfeeds because each individual feed was less effective. In order to distinguish between the two possibilities, we also evaluated how much supplemental formula the babies consumed in each group. The use of a lesser amount of supplemental formula together with the comparable infant weight difference of the two groups suggests that the breastfeeding quality was better in the 'fixed time interval' group. Information regarding the breastfeeding quality in different pain reliever protocols is scarce, as most of the studies were satisfied with a statement that the research medications are approved in breastfeeding. In the study by Sammour et al., they used a breastfeeding score of 1, 2 and 3 for no breastfeeding, partial breastfeeding (supplementary formula feeding), and full breastfeeding (no formula feeding), respectively.
14 The breastfeeding scores were comparable between the 'fixed time interval' and 'ondemand' groups. Information regarding women's preference was not provided. Also, using a three-level scale might not have sufficient resolution for identifying differences between the groups, which had small sample size to begin with in this study.
Conclusion
Our results support the use of analgesia in oral administration to be effective and safe for the treatment for post-CS pain. Administration in fixed time intervals should be preferred over administration only following patient demand.
This study emphasises the concept that pain management protocols should focus on pain prevention instead of pain relief.
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